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SYSTEMS AND METHODS FOR SOFT HANDOFF AND OTHER 
DIVERSITY COMMUNICATION USING BASE STATIONS 
SUPPORTING COMMON RADIO CONFIGURATIONS 

BACKGROUND OF THE INVENTION 
The present invention relates to communications systems and methods, and 
more particularly, to systems and methods for diversity communication in wireless 
communications systems. 

As known to those skilled in the art, a cellular wireless communications 
5 system typically includes a plurality of base stations that support radio 

communications with wireless terminals, e.g., vehicle-mounted or handheld 
cellphones or other communications devices, over a plurality of geographical areas 
referred to as "cells." Typically, when a terminal begins to move to the fringe of a 
first cell, toward a second cell, it attempts to establish communications with the base 
1 0 station serving the second cell in order to continue the call or other communications 
session in which it is currently engaged. 

Such a procedure, commonly referred to as a "handoff," may be performed in 
a number of different ways. For example, in many conventional systems, a "hard 
handoff procedure is performed wherein a terminal ends communications with a first 
1 5 base station before resuming communications with a second base station. Although 
such a procedure can be effective, it may be vulnerable to "call drops" or other 
interruptions during the attempted handoff. 

Systems providing code division multiple access (CDMA) using channels 
defined by spreading codes commonly offer a capability, referred to as "soft handoff," 
20 in which a terminal can transition from a first base station to a second base station 

using an intermediate stage in which the terminal communicates simultaneously with 
both base stations. Such a capability can arise because CDMA terminals and base 
station equipment typically use a RAKE receiver architecture that allows signals 
carrying the same information but transmitted by multiple base stations over different 
25 signal paths to be commonly processed to achieve the benefits of spatial diversity. 

Soft handoff procedures for IS-95 CDMA are described in Section 6.6 of Mobile Base 
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Station Compatibility Standard for Dual-Mode Spread Spectrum Systems, TI A/EIA- 
95-B (October 1998). 

This capability of conventional CDMA receivers may also be used for 
purposes other than soft handoff. For example, simultaneous transmission from 
5 multiple base stations may be used to improve signal reception at a terminal, thus 
allowing the transmit power from each base station to be reduced. This can reduce 
interference and, thus, can increase available capacity in a wireless communications 
system. 

Newly proposed CDMA standards typically are designed to be backward 
10 compatible with older CDMA standards, such that systems implementing a new 
standard are capable of supporting terminals designed to conform to an older 
standard. For example, the new IS-2000 specification includes radio configurations, 
i.e., combinations of spreading and other channel codes, that are also included in the 
IS-95 specification, as well as newer, e.g., higher data rate, radio configurations that 
15 are not supported under the IS-95 specification. 

SUMMARY OF THE INVENTION 
According to embodiments of the present invention, a wireless terminal and a 
first node communicate according to a first radio configuration of a first set of radio 

20 configurations supported by the first node. A second radio configuration that is 

available for a second node that supports a second set of radio configurations that is 
different from the first set of radio configurations is then identified. The wireless 
terminal and respective ones of the first and second nodes then simultaneously 
communicate according to the identified second radio configuration. In other 

25 embodiments of the present invention, a wireless terminal is handed off from a first 
base station supporting a first set of radio configurations to a second base station 
supporting a second set of radio configurations that is different than the first set of 
radio configurations. The wireless terminal is handed off from the first base station to 
the second base station based on a determination of whether a common radio 

30 configuration is available for the first and second base stations. The present invention 
may be embodied as methods, wireless communications systems and wireless 
terminal apparatus. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a schematic diagram of a wireless communications system according 

to embodiments of the present invention. 

FIG. 2 is a schematic diagram of a wireless terminal according to 

embodiments of the present invention. 

FIGs. 3-6 are flowcharts illustrating exemplary operations according to 

various embodiments of the present invention. 

DETAILED DESCRIPTION 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which embodiments of the invention are 
shown. This invention may, however, be embodied in many different forms and 
should not be construed as limited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be thorough and complete, and 
will fully convey the scope of the invention to those skilled in the art. In the 
drawings, like numbers refer to like elements throughout. 

According to embodiments of the present invention, a wireless terminal and a 
first node communicate according to a first radio configuration of a first set of radio 
configurations supported by the first node. A second radio configuration that is 
available for a second node that supports a second set of radio configurations that is 
different from the first set of radio configurations is then identified. The wireless 
terminal and respective ones of the first and second nodes then simultaneously 
communicate according to the identified second radio configuration. In some 
embodiments of the invention, a first one of the first and second sets of radio 
configurations is constrained to radio configurations that are compliant with a 
wireless communications standard, and a second one of the first and second sets of 
radio comprises radio configurations that are compliant with the wireless 
communications standard and radio configurations that are non-compliant with the 
wireless communications standard. For example, a first one of the first and second 
sets of radio configurations may be constrained to IS-95 compliant radio 
configurations, and a second one of the first and second sets of radio configurations 
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may include IS-2000 compliant radio configurations that are non-compliant with IS- 
95. 

In other embodiments of the present invention, a wireless terminal is handed 
off from a first base station supporting a first set of radio configurations to a second 
5 base station supporting a second set of radio configurations that is different than the 
first set of radio configurations. In particular, the wireless terminal is handed off from 
the first base station to the second base station based on a determination of whether a 
common radio configuration is available for the first and second base stations. In 
some embodiments of the present invention, handing off the wireless terminal from 

10 the first base station to the second base station based on the determination of whether 
a common radio configuration is supported by the first and second base stations 
comprises performing a soft handoff of the wireless terminal using the common radio 
configuration. In other embodiments of the present invention, handing off the 
wireless terminal from the first base station to the second base station based on the 

1 5 determination of whether a common radio configuration is available for the first and 
second base stations comprises performing a hard handoff from the first base station 
to the second base station if a common radio configuration is not available. 

In yet other embodiments of the present invention, a wireless communications 
system includes a first node operative to communicate with a wireless terminal 

20 according to any of a first set of radio configurations. The wireless communications 
system further includes a radio configuration control circuit operative to identify a 
common radio configuration of the first set of radio configurations that is also a 
member of a second set of radio configurations supported by a second node and to 
responsively cause the first and second nodes to simultaneously communicate with 

25 the wireless terminal according to the identified common radio configuration. 

In still further embodiments of the present invention, a wireless terminal 
comprises a transceiver circuit operative to communicate according to a set of radio 
configurations. The wireless terminal further includes a radio configuration control 
circuit coupled to the transceiver circuit and operative to cause the transceiver circuit 

30 to communicate with a first node using first radio configuration of the set of radio 
configurations, to identify a second radio configuration of the set of radio 
configurations supported by a second node, and to responsively cause the transceiver 
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circuit to simultaneously communicate with respective ones of the first and second 
nodes according to the second radio configuration. 

In the present application, FIGs. 1 -6 are schematic diagrams and flowcharts 
illustrating exemplary communications apparatus and operations according to 
5 embodiments of the present invention. It will be understood that blocks of the 
schematic diagrams and flowcharts, and combinations of blocks therein, may be 
implemented using one or more electronic circuits, such as circuits included in a 
wireless terminal or in a wireless communications system {e.g. , in a cellular base 
station or other device), or circuitry used in other types of wireless, wireline, optical 

10 and other communications systems. It will also be appreciated that, in general, blocks 
of the schematic diagrams and flowcharts, and combinations of blocks therein, maybe 
implemented in one or more electronic circuits, such as in one or more discrete 
electronic components, one or more integrated circuits (ICs) and/or one or more 
application specific integrated circuits (ASICs), as well as by computer program 

1 5 instructions which may be executed by a computer or other data processing apparatus, 
such as a microprocessor or digital signal processor (DSP), to produce a machine such 
that the instructions which execute on the computer or other programmable data 
processing apparatus create electronic circuits or other means that implement the 
operations specified in the block or blocks. The computer program instructions may 

20 also be executed on a computer or other data processing apparatus to cause a series of 
operations to be performed on the computer or other programmable apparatus to 
produce a computer implemented process such that the instructions which execute on 
the computer or other programmable apparatus provide operations for implementing 
the operation specified in the block or blocks. Accordingly, blocks of the schematic 

25 diagrams and flowcharts support electronic circuits and other means that perform the 
specified operations, as well as acts for performing the specified operations. 

It will also be appreciated that the apparatus and operations illustrated in FIGs. 
1 -6 may be implemented in a variety of communications environments. For example, 
the communications apparatus and operations illustrated in FIGs. 1-6 may be 

30 embodied in a wireless terminal, a wireless base station, a wireline communications 
device, an optical communications device, or other communications apparatus. It will 
be appreciated that the processing apparatus and operations illustrated in FIGs. 1-6 
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may be combined with other apparatus and operations (not shown), including 
additional signal processing apparatus (e.g., circuits that provide such capabilities) 
and operations. 

The discussion herein relates to communications between wireless terminals 
5 and nodes of a wireless communications system. As used herein, a node of a wireless 
communications system may include, but is not limited to, a base station, or a portion 
thereof, that serves a geographical area commonly referred to as a cell. It will be 
appreciated that "base stations" include not only base stations configured for 
omnidirectional communications around the site of a base station centrally located in 

10 a cell, but also respective portions of base stations that serve respective "sector" cells, 
i.e., base stations that serve multiple cells using respective antennas with patterns that 
emanate at respective angular ranges from the base station site. It will be further 
appreciated that nodes of a wireless communications system may also comprise 
apparatus that perform similar functions, such as distributed radio heads that are 

1 5 commonly used in cellular networks located in buildings or other structures. 

Accordingly, although the following discussion specifically refers to communications 
between wireless terminals (e.g., cellular telephones) and cellular base stations, it will 
be understood that the present invention is also applicable to communications for 
other types of nodes of a wireless communications system. 

20 As known to those skilled in the art, wireless communications standards, such 

as the IS-95 and IS-2000 CDMA standards, specify different radio configurations 
(RCs), sets of which may be supported by a given base station. For the 
aforementioned IS-95 and IS-2000 CDMA standards, the radio configurations 
comprise respective configurations of spreading codes and error correction codes that 

25 may be applied to transmitted information to achieve various sets of data rates. For 
example, as shown in Table 1, the IS-2000 standard describes a set of nine (9) 
different possible radio configurations RC1, RC2, . . ., RC9 that may be used for a 
forward (base station to terminal) link, two of which RC1, RC2 are supported under 
to the older IS-95 standard. 
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Table 1 



RC 


Description 


RC1 


IS-95 rate set 1 compatible 


RC2 


IS-95 rate set 2 compatible 


RC3 


1500, 2700, 4800, 9600, 38400, 76800, and 153600 bits per second 
(bps) 


RC4 


1500, 2700, 4800, 9600, 38400, 76800, 153600, and 307200 bps 


RC5 


1800, 3600, 7200, 14400, 28800, 57600, 1 15200, and 230400 bps 


RC6 


1500, 2700, 4800, 9600, 19200, 38400, 76800, 153600, and 307200 
bps 


RC7 


1500, 2700, 4800, 9600, 19200, 38400, 76800, 153600, 307200, and 
614400 bps 


RC8 


1800, 3600, 7200, 14400, 28800, 57600, 115200, 230400, and 
460800 bps 


RC9 


1800, 3600, 7200, 14400, 28800, 57600, 115200, 230400, 460800, 
and 1036800 bps 



Similarly, as shown in Table 2, the IS-2000 standard describes six (6) different radio 
configurations RC1, RC2, . . . , RC6 that maybe used for a reverse (terminal to base 
5 station) link, two of which RC1 , RC2 are supported under the IS-95 standard. 



Table 2 



RC 


Description 


RC1 


IS-95 rate set 1 compatible 


RC2 


IS-95 rate set 2 compatible 


RC3 


1500, 2700, 4800, 9600, 19200, 38400, 76800, and 153600 bits per 
second (bps) 


RC4 


1800, 3600, 7200, 14400, 28800, 57600, 115200, and 230400 bps 


RC5 


1500, 2700, 4800, 9600, 19200, 38400, 76800, and 153600 bps 


RC6 


1800, 3600, 7200, 14400, 28800, 57600, 115200, 230400 and 460800 
bps 



FIG. 1 illustrates a wireless communications system 100 according to 
10 embodiments of the present invention. The system 100 includes a base station 110, 
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here shown as including an antenna 112 coupled to a radio transceiver 114, such as 
CDMA transceiver that transmits and receives signals that are encoded according to 
channel codes that include user-specific spreading codes. The system 100 also 
includes a radio configuration control circuit 122, here shown as implemented in a 
5 mobile switching center 120 coupled to the base station 110. The radio configuration 
control circuit 122 is operative to control the radio configuration(s) used by the 
transceiver 114. For example, the radio configuration control circuit 122 may 
implement operations as described below with reference to FIGs. 3-6. 

It will be appreciated that the wireless communications system 100 may be 

10 implemented using conventional wireless communications components. For example, 
the radio configuration control circuit 122 may be implemented using program code 
executing on a computer or other data processing apparatus positioned at the mobile 
switching center 120. In such an implementation, the radio configuration control 
circuit 122 may control the transceiver 120 using, for example, communications 

15 functions conventionally used to control operations of a base station transceiver. For 
example, such communications functions may be implemented in software modules 
and/or circuits that interact with other software modules and/or circuit that implement 
functions of the radio configuration control circuit 122. It will be appreciated that, in 
general, the radio configuration control circuit 122 may be implemented using special 

20 purpose hardware, such as an application specific integrated circuit (ASIC), software 
and/or firmware executing on a general purpose processor, such as a microprocessor, 
microcontroller or digital signal processor (DSP), or combinations thereof. 

It will be appreciated that wireless communications systems according to other 
embodiments of the present invention need not be limited to the architecture 

25 illustrated in FIG. 1. For example, rather than implementing the radio configuration 
control circuit 122 in an mobile switching circuit 120, such functionality may be 
located in some other component of a wireless communications system, for example, 
in a processor or other control circuitry located at the site of a base station. 
Alternatively, this functionality may be distributed over multiple components of a 

30 wireless communications system. 

FIG. 2 illustrates a wireless communications terminal 200 according to other 
embodiments of the present invention. The terminal 200 includes a processor, such as 
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a microprocessor, microcontroller, DSP or ASIC, that is operatively associated with a 
display 220, a speaker 230, a keypad 240 and a microphone 250, operations of which 
are known to those skilled in the art and will not be discussed in detail herein. The 
processor 260 is also coupled to a radio transceiver 270, such as a CDMA transceiver 
5 operative to transmit and receive signals that are encoded according to spreading 
codes. The processor 260 is operative to control transmission and reception of radio 
signals by the transceiver 270 via an antenna 210. 

As shown, a radio configuration control circuit 262 is implemented by the 
processor 260. For example, the processor 260 may comprise a microprocessor or 

10 similar device, and the radio configuration control circuit 262 may comprise software 
and/or firmware executing on the processor 260 and operative to implement, for 
example, radio configuration control functions as described below in reference to 
FIGs. 3-6. In such an implementation, the radio configuration control circuit 262 may 
control the transceiver 270 using, for example, communications functions 

15 conventionally used to control such a wireless terminal transceiver. For example, 
such communications functions may be implemented in software modules and/or 
circuits that interact with other software modules and/or circuit that implement 
functions of the radio configuration control circuit 262. It will be appreciated that, in 
general, the radio configuration control circuit 262 may be implemented using special 

20 purpose hardware, such as an application specific integrated circuit (ASIC), software 
and/or firmware executing on a general purpose processor, such as a microprocessor, 
microcontroller or digital signal processor (DSP), or combinations thereof. 

FIG. 3 illustrates exemplary operations 300 according to embodiments of the 
present invention. A wireless terminal and a first node (e.g., a first base station) of a 

25 wireless communications system communicate according to a first radio configuration 
(Block 310). A second radio configuration supported by a second node (e.g., a second 
base station) is identified (Block 320). For example, a radio configuration control 
circuit located at the first node and/or at the terminal (such as the radio configuration 
control circuit 122 of FIG. 1 and/or the radio configuration control circuit 262 of 

30 FIG. 2) may identify the second node as a candidate node for handoff or for some 
other diversity transmission/reception mode, and may identify the second radio 
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configuration as a radio configuration that is commonly supported by the terminal and 
the first and second nodes. 

Responsive to identification of the commonly supported radio configuration, 
the wireless terminal simultaneously communicates with respective ones of the first 
5 and second nodes using the identified common radio configuration (Block 330). For 
example, a first radio configuration control circuit, such as the radio configuration 
control circuit 122 of FIG. 1, maybe operatively associated with the first node. In 
concert with a second radio configuration control circuit located at the wireless 
terminal (e.g., the radio control circuit 262 of FIG. 2), the first radio configuration 

10 control circuit may cause the first and second nodes to simultaneously transmit the 

same information encoded according to the same channel coding (including spreading 
code). A RAKE receiver of the wireless terminal may process a composite signal 
including the first and second signals transmitted from the respective first and second 
nodes according to a RAKE process to recover the transmitted information. RAKE 

1 5 receiver operations are known to those skilled in the art, and will not be discussed in 
greater detail herein. 

FIG. 4 illustrates exemplary operations 400 according to embodiments of the 
present invention, in which a soft handoff is performed between an IS-2000 capable 
base station and an IS-95 capable base station. A wireless terminal communicates 

20 with an IS-2000 base station using a first radio configuration (Block 410). An IS-95 
station is identified (Block 420). For example, the identified IS-95 base station may 
comprise a best candidate base station identified according to a criterion such as 
received signal strength (RSSI) of a pilot code transmitted by the base station, or a 
candidate base station having a strongest RSSI with a preferred radio configuration 

25 available. It will be appreciated that other criteria may be also be used with the 
present invention. 

Communications between the wireless terminal and the IS-2000 base station 
are changed to conform to a second radio configuration that is supported by the IS-95 
base station (Block 430). This action may occur responsive to, for example, a 
30 command relayed to the wireless terminal from the base station and/or to a request 
transmitted by the wireless terminal to the base station. After changing the radio 
configuration used for communicating with the IS-2000 base station, the wireless 
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terminal then simultaneously communicates with respective ones of the IS-2000 base 
station and the IS-95 base station using the second radio configuration (Block 440). 
Communications between the wireless terminal and the IS-2000 base station may be 
subsequently terminated to complete soft handoff of the wireless terminal to the IS-95 
5 base station (Block 450). 

FIG. 5 illustrates exemplary operations 500 for effecting a handoff from an IS- 
95 base station to an IS-2000 base station according to other embodiments of the 
present invention. A wireless terminal and an IS-95 base station communicate 
according to a first radio configuration (Block 510). An IS-2000 base station is 

10 identified (Block 520), for example, using RSSI and/or other criteria. If the first radio 
configuration is available for the IS-2000 base station (Block 530), for example, if 
there is a Walsh coded channel available conforming to the first radio configuration, 
the wireless terminal communicates with respective ones of the IS-95 base station and 
the IS-2000 base station using the commonly supported first radio configuration 

1 5 (Block 560). If the first radio configuration is not available for the IS-2000 base 
station, but a second commonly supported radio configuration is available (Block 
550), the wireless terminal communicates with respective ones of the IS-95 base 
station and the IS-2000 base station using the commonly supported second radio 
configuration (Block 560). Subsequently, communications between the wireless 

20 terminal and the IS-95 base station may be terminated to complete handoff to the IS- 
2000 base station (Block 570). If no commonly supported radio configuration is 
available (Block 540), a hard handoff procedure may be performed to achieve handoff 
to the IS-2000 base station (Block 550). 

FIG. 6 illustrates exemplary operations 600 for effecting a handoff from an 

25 first IS-2000 base station to a second IS-2000 base station according to other 

embodiments of the present invention. A wireless terminal and a first IS-2000 base 
station communicate according to a first radio configuration (Block 610). A second 
IS-2000 base station is identified (Block 620), for example, using RSSI and/or other 
criteria. If the first radio configuration is available for the second IS-2000 base 

30 station (Block 630), for example, if there is a Walsh-coded channel available 

conforming to the first radio configuration, the wireless terminal communicates with 
respective ones of the first and second IS-2000 base stations using the commonly 
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supported first radio configuration (Block 660). If the first radio configuration is not 
available for the second IS-2000 base station (Block 630), but a second commonly 
supported radio configuration is available (Block 650), the wireless terminal 
communicates with respective ones of the first and second IS-2000 base stations using 
5 the commonly supported second radio configuration (Block 660). Subsequently, 
communications between the wireless terminal and the first IS-2000 base station may 
be terminated to complete handoff to the second IS-2000 base station (Block 670). If 
no commonly supported radio configuration is available (Block 640), a hard handoff 
procedure may be performed to achieve handoff to the second IS-2000 base station 

10 (Block 650). 

It will be appreciated that the operations described above are provided for 
illustrative purposes, and that many modifications thereof and alternatives thereto fall 
within the scope of the present invention. For example, although the discussion above 
with reference to FIGs. 4-6 relate to soft handoff operations, other operating modes 

15 that involve diversity transmission/reception, e.g., modes in which a wireless terminal 
is simultaneously served by multiple nodes in order to optimize power levels and/or 
reception characteristics, also fall within the scope of the present invention. 

In the drawings and specification, there have been disclosed typical 
embodiments of the invention and, although specific terms are employed, they are 

20 used in a generic and descriptive sense only and not for purposes of limitation, the 
scope of the invention being set forth in the following claims. 
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